Based on panel data from 1995, 2005, and 2015 in the Songnen Plain in Heilongjiang Province, this paper used quantitative and spatial analysis methods to reveal the spatiotemporal evolution characteristics and coupling relationship between agricultural labor and agricultural production at the county level against the background of rural shrinkage. The results showed the following: (1) From 1995 to 2015, the agricultural labor population in Songnen Plain increased first and then decreased. The transfer of agricultural labor in the northern and eastern areas was clear, and the agricultural labor population in the central and western areas showed an increasing trend. (2) From 1995 to 2015, the agricultural production showed a growth trend, from the characteristics of "high in the southwest and low in the northeast" to "high in the central areas and low around", with clear regional differences.
Introduction
In recent decades, urban-rural shrinkage has been occurring worldwide, which is a new phenomenon. There are abundant international research results on urban shrinkage, but little attention has been paid to rural shrinkage [1] . In fact, since the 1950s, with the rapid development of urbanization and industrialization, there have been different rural development processes and problems in various countries around the world. However, these various countries have all experienced rural shrinkage stages, such as declining agricultural status, a sustained outflow of the young and middle-aged population, rural economic recession, and a widening gap between urban and rural areas [2] . After the establishment of the WTO and the Doha negotiations, Argentina, Brazil, and other countries joined the global agricultural supply system, which intensified the competition of
Materials and Methods

Study Area
Songnen Plain is an important region of the three major plains in northeastern China, spanning Jilin Province, Heilongjiang Province, and the Inner Mongolia Autonomous Region. This study chose Songnen Plain in Heilongjiang Province (hereafter referred to as Songnen Plain) as the study area. Songnen Plain starts from Nenjiang City in the north and extends south to Wuchang City. The western boundary is the administrative boundary between Heilongjiang Province and the Inner Mongolia Autonomous Region. The eastern boundary is Xiaoxing'an Mountains and Zhang Guangcai Mountains. The total area of the study area is 158,800 km 2 , accounting for 2% of the total land area of China. There are 36 county units (including counties, cities and municipal districts) in the study area ( Figure 1 ). The terrain here is relatively flat, and it is one of the only three black soil plains in the world. From 1995 to 2005, the rural population of Songnen Plain increased from 15.55 million to 16.30 million and dropped to 15.87 million in 2015. The agricultural labor population increased from 3.24 million to 4.72 million and then dropped to 4.40 million in 2015. In recent years, the phenomenon of rural contraction caused by the decrease of population the has become relatively obvious, which has a certain impact on the sustainable development of agriculture and rural areas. 
Data Sources
The statistical data of agricultural labor, grain yield, cultivated land area, and the agricultural output value of the counties in Songnen Plain in 1995, 2005, and 2015 were taken from the "Heilongjiang Statistical Yearbook". In the process of data analysis, some missing values were interpolated, and the basic data of 36 county units were finally obtained. The internal administrative divisions of the study area changed in 20 years. Considering the availability of data and the comprehensiveness of analysis, this paper calculates the statistical data of each region in the corresponding year based on the administrative division of 1996.
Agricultural labor in this paper refers to all the labor personnel who actually participate in agricultural production activities and obtain physical or monetary income in the rural population. Although part-time employment in agricultural labor is relatively common, due to the influence of the urban-rural dual structure in China, the agricultural labor population in the statistical yearbook is based on the location of household registration, so the statistical data of agricultural labor population may have some limitations. Limited by weather conditions, the planting system of 
Agricultural labor in this paper refers to all the labor personnel who actually participate in agricultural production activities and obtain physical or monetary income in the rural population. Although part-time employment in agricultural labor is relatively common, due to the influence of the urban-rural dual structure in China, the agricultural labor population in the statistical yearbook is based on the location of household registration, so the statistical data of agricultural labor population may have some limitations. Limited by weather conditions, the planting system of Songnen Plain is one crop per year, and its main crops are rice, maize, soybean, and wheat. Because of the different planting structures, the farming activities are different, and the working time (generally from early April to late September) and intensity of labor are also different [54, 55] . The grain yield mainly includes the crop yield of rice, maize, soybean, and wheat. In order to eliminate the impact of climate change on grain yield, the yield data of the research nodes were averaged. In addition, taking into account the impact of inflation, the data of agricultural output value were converted to 1995 equivalent values.
Methods
Elasticity in economics refers to the sensitivity of change, which is used to measure the dependence of the growth rate of one economic variable on that of another variable. It is measured by an elasticity coefficient, i.e., the ratio between the relative growth rates of two interrelated indicators in a given period of time. The greater the absolute value of the elasticity coefficient, the higher the sensitivity between them. This paper uses the elasticity analysis method, and the elasticity coefficient is constructed with reference to Liu Yansui and other authors' research results [48] [49] [50] . The coupling relationships between agricultural labor and the cultivated land area, grain yield, and agricultural output value, respectively, were revealed through the index of the grain-labor elasticity coefficient, the cultivated land-labor elasticity coefficient, and the output-labor elasticity coefficient.
The Grain-Labor Elasticity Coefficient (GLEC)
The grain-labor elasticity coefficient can be defined as the ratio of the change rate of grain yield to the change rate of the agricultural labor population in a certain period of time. The calculation formula is as follows:
where GLEC ij represents the grain-labor elasticity coefficient in year j of region i, and GCR ij (%) and LCR ij (%) represent the rates of change for the total grain yield and agricultural labor population in year j of region i, respectively. Similarly, G ij (t) and L ij (person) are, respectively, the total grain yield and agricultural labor population in year j of region i, while G i0 (t) and L i0 (person) are the total grain yield and agricultural labor population of region i in the base year, respectively. By analyzing the changes in GLEC ij , the coupling types of agricultural labor and grain yield are divided into six types, namely the growth type, extensive type, intensive type, fading type, lagged type and declining type (Table 1) , and the characteristics of these types are summarized and refined. 
GLEC Characteristics
Growth
The grain yield increases faster than the agricultural labor population.
The grain yield increases slower than the agricultural labor population.
Intensive
The grain yield increases, but the agricultural labor population decreases.
The grain yield decreases faster than the agricultural labor population.
The grain yield decreases, but the agricultural labor population increases.
Declining
The grain yield decreases slower than the agricultural labor population. The cultivated land-labor elasticity coefficient can be defined as the ratio of the change rate of cultivated land area to the change rate of the agricultural labor population in a certain period of time. The calculation formula is as follows:
where CLEC ij represents the cultivated land-labor elasticity coefficient in year j of region i, and CCR ij (%) and LCR ij (%) represent the rates of change for the cultivated land area and agricultural labor population in year j of region i, respectively. Similarly, C ij (ha) and L ij (person) are the cultivated land area and agricultural labor population in year j of region i, while C i0 (ha) and L i0 (person) are the cultivated land area and agricultural labor population of region i in the base year, respectively. By analyzing the changes in CLEC ij and the per capita cultivated land area of agricultural labor (hereafter referred to as the per capita cultivated land), the coupling types of agricultural labor and cultivated land area are divided into two types, namely the growth type and recession type ( Table 2) , and the characteristics of these types are summarized and refined. 
The agricultural labor population decreases, the cultivated land area and per capita cultivated land increases.
II Growth
The agricultural labor population increases slower than the cultivated land area, and per capita cultivated land increases.
III Recession
The agricultural labor population increases faster than the cultivated land area, and per capita cultivated land decreases.
IV Recession
The agricultural labor population increases, the cultivated land area decreases and per capita cultivated land decreases.
V Recession
The agricultural labor population decreases slower than the cultivated land area, and per capita cultivated land decreases.
VI Growth
The agricultural labor population decreases faster than the cultivated land area, and per capita cultivated land increases.
1 CCR: cultivated land area change rate; 2 LCR: agricultural labor population change rate; 3 CLEC: cultivated land-labor elasticity coefficient.
The Output-Labor Elasticity Coefficient (OLEC)
The output-labor elasticity coefficient can be defined as the ratio of the change rate of agricultural output value and the change rate of the agricultural labor population in a certain period of time. The calculation formula is as follows:
where OLEC ij represents the output-labor elasticity coefficient in year j of region i, and OCR ij (%) and LCR ij (%) represent the rates of change for the agricultural output value and agricultural labor population in year of j region i, respectively. Similarly, O ij (yuan) and L ij (person) are the agricultural output value and agricultural labor population in year j of region i, respectively, while O i0 (yuan) and L i0 (person) are the amount of agricultural output value and agricultural labor population of region i in the base year, respectively. By analyzing the changes in OLEC ij , this paper classifies the coupling types of agricultural labor and agricultural output value into six types, namely the growth type, extensive type, intensive type, fading type, lagged type and declining type (Table 3) , and summarizes and refines the coupling relationship characteristics between these types. 
OLEC Characteristics
The agricultural output value increases faster than the agricultural labor population.
Extensive
The agricultural output value increases slower than the agricultural labor population.
The agricultural output value increases, but the agricultural labor population decreases.
The agricultural output value decreases faster than the agricultural labor population.
The agricultural output value decreases, but the agricultural labor population increases.
The agricultural output value decreases slower than the agricultural labor population. 
The Spatiotemporal Changes in Agricultural Production
Grain Yield
From 1995 to 2005, the grain yield increased by 3%, mainly in the south (Figure 3 ). The growth rate of Qiqihar was the highest, while that of northwestern areas was lower or decreased slightly. From 2005 to 2015, the total grain yield of counties increased rapidly, increasing by 134%. The grain yield of counties in Songnen Plain increased, with the counties in the central and western areas From 2005 to 2015, with the development of urbanization and the improvement of agricultural modernization, the agricultural surplus labor gradually shifted. In total, 58% of the counties showed a net decrease in the agricultural labor population, and the total agricultural labor population in Songnen Plain decreased by 7%. From Figure 2 , it is evident that the counties with a rapid decline of the agricultural labor population were mainly distributed in the northern, western, and southeastern areas of Songnen Plain. In most areas, the agricultural labor population varied from -25% to 25%, which was relatively concentrated. The areas where the agricultural labor population was still increasing rapidly were mainly located in the central of Songnen Plain, including Lindian and Mingshui, with growth rates of 51% and 40%, respectively.
From 1995 to 2015, the total agricultural labor population in Songnen plain increased by 36%, reflecting its role as an important commodity grain base in China to attract the working population. The transfer of agricultural labor in the northern and southeastern areas of Songnen Pain was clear. Agricultural mechanization, industrialization, and urbanization are the main driving forces of the non-agricultural transfer of agricultural labor. In most other areas, especially in the central and western areas, the growth of the agricultural labor population was clear, mainly because of the slow adjustment of industrial structure, the low degree of agricultural modernization, and the need for a large agricultural labor population.
The Spatiotemporal Changes in Agricultural Production
Grain Yield
From 1995 to 2005, the grain yield increased by 3%, mainly in the south ( Figure 3 ). The growth rate of Qiqihar was the highest, while that of northwestern areas was lower or decreased slightly. From 2005 to 2015, the total grain yield of counties increased rapidly, increasing by 134%. The grain yield of counties in Songnen Plain increased, with the counties in the central and western areas increasing rapidly, while the growth rate in the northern and southeastern areas was relatively slow. From 1995 to 2015, in general, the grain yield of all counties increased, especially in the southwest, which became the main contributor to the increase in grain yield. The growth rate of grain yield gradually decreased from the southwest to the northeast. 
The Spatiotemporal Changes in Agricultural Production
Grain Yield
Cultivated Land Area
From 1995 to 2005, the cultivated land area of 78% of the counties increased, which led to an increase of 9% of the total cultivated land area in Songnen Plain (Figure 4 ). From the spatial pattern perspective, the decrease in the cultivated land area was mainly located in the northern area. From 2005 to 2015, the cultivated land area of Bei'an and Wudalianchi in the north increased by 93% and 104%, respectively, while the cultivated land area in most areas changed slightly. The cultivated land area of Acheng, Daqing, Gannan, and Zhaoyuan had a significant decreasing trend. From 1995 to 2015, the cultivated land area in 33 counties increhased by 30%. With the development of reserve cultivated land resources, the cultivated land area in most areas increased by varying degrees. However, in recent years, the cultivated land area in some areas has decreased to a certain extent due to the expansion of construction land.
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From 1995 to 2005, the cultivated land area of 78% of the counties increased, which led to an increase of 9% of the total cultivated land area in Songnen Plain (Figure 4 ). From the spatial pattern perspective, the decrease in the cultivated land area was mainly located in the northern area. From 2005 to 2015, the cultivated land area of Bei'an and Wudalianchi in the north increased by 93% and 104%, respectively, while the cultivated land area in most areas changed slightly. The cultivated land area of Acheng, Daqing, Gannan, and Zhaoyuan had a significant decreasing trend. From 1995 to 2015, the cultivated land area in 33 counties increhased by 30%. With the development of reserve cultivated land resources, the cultivated land area in most areas increased by varying degrees. However, in recent years, the cultivated land area in some areas has decreased to a certain extent due to the expansion of construction land. 
Agricultural Output Value
From 1995 to 2005, the total agricultural output value of Songnen Plain increased by 50%, and only six counties decreased, accounting for 17% of the total area ( Figure 5 ). These counties were Bei'an, Hailun, Lanxi, Mingshui, Qinggang, and Wudalianchi. Among these counties, the agricultural output value of Lanxi decreased the most, accounting for 37%. From 2005 to 2015, except Harbin and Nehe, the agricultural output value of other regions increased to a different extent, with a total increase of 124%. The counties with a higher growth rate were mainly distributed in the central and northern areas of Songnen Plain. From 1995 to 2015, the total agricultural output value of Songnen Plain increased by more than 100%. Generally, the agricultural output value of 36 counties increased by varying degrees. Higher growth rate areas were distributed in the southern of Songnen Plain, and the agglomeration phenomenon was more obvious. 
Coupling Relationship Between Agricultural Labor and Agricultural Production
GLEC Coupling Characteristics
GLEC Spatiotemporal Patterns
Using Formula (1) and Table 1 , the changes in the grain-labor elasticity coefficient in Songnen Plain from 1995 to 2015 were obtained (Table 4 ). According to the change in grain yield and agricultural labor population, the coupling types and coupling characteristics of grain-labor in Songnen Plain in different periods were further analyzed (Table 5, Figure 6 ). From 1995 to 2005, according to the characteristics and classification of the grain-labor elasticity coefficient, the proportions of the "same increase" in the agricultural labor population and grain yield in counties were 47%, and the proportion of the reverse change was 52%. According to Figure  6 , (1) the counties with an increasing grain yield could be divided into three types. The six counties with a grain yield increasing faster than the increase in the agricultural labor population belonged to the growth type. They were scattered in the southern area of Songnen Plain. There were 11 counties whose growth rate of grain yield was slower than that of the agricultural labor population, which belonged to the extensive type and were mainly distributed in the periphery of growth-type counties and the eastern edge of Songnen Plain. Acheng was the only one county with increasing grain yield and decreasing agricultural labor population, i.e., it belonged to the intensive type, and is located in the southeastern area of Songnen Plain. (2) There were 18 counties with decreasing grain yield and increasing agricultural labor population, i.e., it belonged to the lagged type, which were mainly distributed in the central and northern areas of Songnen Plain except Daqing and Zhaozhou in the south. 
Coupling Relationship Between Agricultural Labor and Agricultural Production
GLEC Coupling Characteristics
GLEC Spatiotemporal Patterns
Using Formula (1) and Table 1 , the changes in the grain-labor elasticity coefficient in Songnen Plain from 1995 to 2015 were obtained (Table 4 ). According to the change in grain yield and agricultural labor population, the coupling types and coupling characteristics of grain-labor in Songnen Plain in different periods were further analyzed (Table 5, Figure 6 ). 
Fading LCR < 0 GLEC > 1 0 0 0 Lagged LCR > 0 GLEC < 0 18 (50%) 0 0 Declining LCR < 0 0 < GLEC < 1 0 0 0 1 GCR: grain yield change rate; 2 LCR: agricultural labor population change rate; 3 GLEC: grain-labor elasticity coefficient. Table 6 . Here, P1 From 1995 to 2005, according to the characteristics and classification of the grain-labor elasticity coefficient, the proportions of the "same increase" in the agricultural labor population and grain yield in counties were 47%, and the proportion of the reverse change was 52%. According to Figure 6 , (1) the counties with an increasing grain yield could be divided into three types. The six counties with a grain yield increasing faster than the increase in the agricultural labor population belonged to the growth type. They were scattered in the southern area of Songnen Plain. There were 11 counties whose growth rate of grain yield was slower than that of the agricultural labor population, which belonged to the extensive type and were mainly distributed in the periphery of growth-type counties and the eastern edge of Songnen Plain. Acheng was the only one county with increasing grain yield and decreasing agricultural labor population, i.e., it belonged to the intensive type, and is located in the southeastern area of Songnen Plain. (2) There were 18 counties with decreasing grain yield and increasing agricultural labor population, i.e., it belonged to the lagged type, which were mainly distributed in the central and northern areas of Songnen Plain except Daqing and Zhaozhou in the south.
From 2005 to 2015, with the development of the economy and society and the progress of agricultural technology, the grain yield of each county in Songnen Plain continued to grow. Simultaneously, 31% of the counties also experienced an increased agricultural labor population, while 69% of the counties decreased. According to Figure 6 , (1) there were 11 counties whose growth rate of grain yield was faster than that of the agricultural labor population, i.e., growth-type counties, which were mainly distributed in the central area of Songnen Plain. The marginal areas included Dumeng, Gannan, and Mulan. (2) There were 25 counties in which the grain yield increased while the agricultural labor population decreased, i.e., intensive-type counties, which were concentrated in the northwestern and southeast areas of Songnen Plain.
Generally, from 1995-2015, the grain yield in Songnen Plain showed a growth trend, of which the growth type accounted for 83%, the extensive type accounted for 6%, and the intensive type accounted for 11%. Each county had a trend towards growth and intensive development. (1) The growth rate of grain yield was faster than that of the agricultural labor population, that is, there were 30 growth-type counties, which were concentrated in most areas of Songnen Plain. (2) The growth rate of grain yield was slower than that of the agricultural labor population, that is, there were two extensive counties: Mingshui and Wudalianchi. (3) There were four counties in which the grain yield increased while the agricultural labor population decreased, i.e., intensive-type counties, comprising Suiling in the northeast, Acheng, Hulan, and Shuangcheng in the southeast.
The Transformation Characteristics of the Coupling Types
From Figure 6 , it is evident that the coupling types of grain-labor in the counties of Songnen Plain have changed. The transfer matrix from 1995-2005 to 2005-2015 is shown in Table 6 . Here, P1 represents the proportion of different types in 1995-2005 and P2 represents the proportion of different types in 2005-2015 (the same below). Generally, from 1995-2005 to 2005-2015, the growth-type counties increased by 25%, intensive-type counties increased by 67%, and extensive-type and lagged-type counties decreased. Coupling types from the extensive type and lagged type to growth type accounted for 11% and 14% of the counties, respectively. Coupling types from growth type, extensive type, and lagged type to intensive type accounted for 11%, 19%, and 36%, respectively. From Table 6 , it is evident that all the types that were extensive and lagged from 1995 to 2005 changed into growth or intensive types. From 1995 to 2015, Bayan and Dumeng experienced the growth type of coupling, while Acheng experienced the intensive type of coupling. Using Formula (2) and Table 2 , the changes in the cultivated land-labor elasticity coefficient in Songnen Plain from 1995 to 2015 were obtained ( Table 7) . According to the changes in cultivated land and agricultural labor, the coupling types and coupling characteristics of cultivated land-labor in Songnen Plain in different periods were further analyzed (Table 8, Figure 7 ). The Transformation Characteristics of the Coupling Types From Figure 7 , it is evident that the elasticity types of the cultivated land-labor of Songnen Plain changed, the elasticity types could be divided into six types, and the transfer matrix was constructed as shown in Table 9 . Generally, from 1995-2005 to 2005-2015, the number of growth-type counties increased by 61%. Most of the counties changed from the declining type to the growth type, showing a positive trend of development. However, some counties need further improvement, such as Gannan, Lindian, Mingshui, Mulan, and Zhaoyuan, which were still declining-type counties from 1995-2005 to 2005-2015, and Daqing and Hulan, which shifted from the growth type to the declining type. From Table 9 , it is clear that the ways of transforming the growth type into the declining type were different. Daqing's change was due to the reduction of cultivated land and the increasing agricultural labor population, and Hulan's change was due to the increase in the agricultural labor population, which was greater than the cultivated land area. However, they both experienced a reduction in the per capita cultivated land. From 1995 to 2015, although the coupling types changed, the growing areas were Acheng, Fuyu, Harbin, Qiqihar, Shuangcheng, Suiling, and Wuchang. I  II  III  IV  V  VI  I  3  0  0  0  0  3  6  3  II  11  3  0  3  0  0  17  14  III  25  17  8  3  3  0  56  47  IV  14  6  0  0  0  0  19  19  V  0  0  0  0  0  0  0  0  VI  0  0  3  0  0  0  3  3  P2  53  25  11  6  3  3  100  Increase  50  22  3  6 3 3 From 1995 to 2005, according to the characteristics and classification of the CLEC, 24% of the coupling types were growth type, 75% were declining type, and the overall development of the region needed to be improved. According to Figure 7 , (1) the counties with an increasing cultivated land area could be divided into three types. There were two counties with decreasing the agricultural labor population, which belonged to the growth type: Acheng and Shuangcheng. There were six counties with an increase in cultivated land area faster than that in the agricultural labor population, which belonged to the growth type and were scattered in Songnen Plain. There were 20 counties with an increase in cultivated land area slower than that in agricultural labor population. These counties belonged to the declining type and were concentrated in most areas of Songnen Plain. (2) The counties with a decreasing cultivated land area could be divided into two types. There were seven counties with an increase in the agricultural labor population, which belonged to the declining type. One county experienced a decrease in cultivated land area slower than that in the agricultural labor population and belonged to the growth type, which is called Hulan.
1995-2005 (T1) 2005-2015 (T2) P1 Decrease
From 2005 to 2015, 81% of the coupling types were growth type and 20% were declining type, which showed a positive development trend of the region as a whole. According to Figure 7 , (1) the counties with an increase in the cultivated land area could be divided into three types. While the cultivated land area increased, the agricultural labor population decreased in 19 counties, which were growth-type counties. They were concentrated in the northern area of Songnen Plain and scattered in the southern area. Eight counties whose cultivated land area increased faster than the increase in agricultural labor population were growth-type counties. There were four counties whose increase in cultivated land area was slower than the increase in the agricultural labor population. These counties belonged to the declining type, comprising Hulan, Lindian, Mingshui, and Mulan. (2) The counties with a decrease in cultivated land area could be divided into three types. There were two counties with an increasing agricultural labor population, which belonged to the declining type: Daqing and Gannan. Zhaoyuan was the county whose cultivated land area decreased faster than agricultural labor population, and it belonged to the declining type. Acheng was the county whose cultivated land area decreased slower than the agricultural labor population, and it belonged to the growth type.
Generally, from 1995 to 2015, 92% of the total number of counties experienced growth in their cultivated land area, but the declining-type counties still accounted for most of the Songnen Plain.
(1) The counties with an increasing cultivated land area were divided into three types. There were seven counties with a decrease in the agricultural labor population, which belonged to the growth type. These counties were scattered in Songnen Plain. There were eight counties with an increase in cultivated land area that was faster than that in the agricultural labor population, which belonged to the growth type. These counties were scattered in the western and eastern areas of Songnen Plain. There were 18 counties whose increase in cultivated land area was slower than the increase in the agricultural labor population. These counties belonged to the declining type. With the exception of Mulan in the east, these counties were concentrated in the central and western areas of Songnen Plain.
(2) The counties with the decreasing cultivated land area were divided into two types. Keshan was the county with an increase in the agricultural labor population and belonged to the declining type. There were two counties whose decrease in cultivated land area was slower than that in the agricultural labor population, which belonged to the growth type: Acheng and Hulan.
The Transformation Characteristics of the Coupling Types From Figure 7 , it is evident that the elasticity types of the cultivated land-labor of Songnen Plain changed, the elasticity types could be divided into six types, and the transfer matrix was constructed as shown in Table 9 . Generally, from 1995-2005 to 2005-2015, the number of growth-type counties increased by 61%. Most of the counties changed from the declining type to the growth type, showing a positive trend of development. However, some counties need further improvement, such as Gannan, Lindian, Mingshui, Mulan, and Zhaoyuan, which were still declining-type counties from 1995-2005 to 2005-2015, and Daqing and Hulan, which shifted from the growth type to the declining type. From Table 9 , it is clear that the ways of transforming the growth type into the declining type were different. Daqing's change was due to the reduction of cultivated land and the increasing agricultural labor population, and Hulan's change was due to the increase in the agricultural labor population, which was greater than the cultivated land area. However, they both experienced a reduction in the per capita cultivated land. From 1995 to 2015, although the coupling types changed, the growing areas were Acheng, Fuyu, Harbin, Qiqihar, Shuangcheng, Suiling, and Wuchang. Table 9 . The transfer matrix of the CLEC types at the county level in Songnen Plain for 1995-2015 (%). I  II  III  IV  V  VI   I  3  0  0  0  0  3  6  3  II  11  3  0  3  0  0  17  14  III  25  17  8  3  3  0  56  47  IV  14  6  0  0  0  0  19  19  V  0  0  0  0  0  0  0  0  VI  0  0  3  0  0  0  3  3  P2  53  25  11  6  3  3  100  Increase  50  22  3  6  3  3 
1995-2005 (T1)
2005-2015 (T2) P1 Decrease
OLEC Coupling Characteristics
OLEC Spatiotemporal Patterns
Based on Formula (3) and Table 3 , the changes in the output-labor elasticity coefficient in Songnen Plain from 1995 to 2015 were obtained (Table 10 ). According to the changes in agricultural output value and agricultural labor population, the coupling types and coupling characteristics of output-labor in Songnen Plain in different periods were further analyzed (Table 11, Figure 8 ). The Transformation Characteristics of the Coupling Types From Figure 8 , it is evident that the types of the output-labor elasticity coefficient changed (Table 12 ). Generally, from 1995-2005 to 2005-2015, growth counties and intensive counties showed a net increase of 25% and 50%, respectively, while the extensive and lagged counties decreased. The counties whose coupling type changed from extensive type and lagged type to growth type accounted for 17% and 8% of counties, respectively. The counties whose coupling type changed from growth type, extensive type, and lagged type to intensive type accounted for 14%, 28%, and 8% of counties, respectively. Several counties are worth noting: Hulan changed from intensive type to extensive type, which indicated that the agricultural labor population was increasing rapidly. Acheng changed from intensive type to declining type, and Harbin changed from growth type to lagged type, indicating that the agriculture output value had changed from increasing to decreasing. However, the agricultural labor population in Acheng continued to decrease while that in Harbin continued to increase. Nehe changed from extensive type to declining type, which showed that both the agricultural labor population and the agricultural output value had decreased, and the development of agriculture was in urgent need of transformation. From 1995 to 2005, according to the characteristics and classification of the output-labor elasticity coefficient, the proportions of the "same increase" in agricultural labor population and agricultural output value in counties was 75%, and the proportion of the reverse change was 25%. According to Figure 8, (1) the counties with an increase in agricultural output value were divided into three types. There were nine counties whose agricultural output value increased faster than the agricultural labor population, i.e., growth-type counties, which were mainly distributed in the southern area of Songnen Plain. There were 18 counties whose agricultural output value increased slower than the agricultural labor population, i.e., extensive-type counties, which were mainly distributed in the northern, eastern, and southern areas of Songnen Plain. There were three counties whose agricultural labor population was decreasing, which belonged to the intensive type, located in the southeastern area of Songnen Plain, and these were Acheng, Hulan, and Shuangcheng. (2) In the counties with decreasing agricultural output value, six counties increased their agricultural labor population and belonged to the lagged type.
From 2005 to 2015, with the development of the economy and society and the progress of agricultural technology, the agricultural output value in most counties of Songnen Plain continued to grow. The overall development of the region was benign. According to Figure 8 , (1) the counties with an increase in agricultural output value were divided into three types. There were 12 counties whose agricultural output value increased faster than the agricultural labor population, i.e., growth-type counties, mainly distributed in the central area of Songnen Plain. The marginal areas included Gannan, Tailai, and Wudalianchi. Hulan and Lindian were the counties whose agricultural output value increased slower than the agricultural labor population and belonged to the extensive type. There were 19 counties whose agricultural labor population was decreasing, i.e., intensive-type counties, concentrated in the northern and southern edges of Songnen Plain. (2) The counties with a decrease in agricultural output value were divided into two types. Harbin belonged to the lagged type with an increasing agricultural labor population. Acheng and Nehe belonged to declining type with a decrease in agricultural output value slower than that in the agricultural labor population.
Generally, from 1995 to 2015, the agricultural output value in Songnen Plain showed a growth trend, of which the growth type accounted for 56%, the extensive type accounted for 19%, and the intensive type accounted for 25%. (1) There were 20 counties whose agricultural output value increased faster than the agricultural labor population, i.e., growth-type counties, widely distributed in Songnen Plain. (2) There were seven counties whose agricultural output value increased slower than the agricultural labor population, i.e., extensive-type counties, mainly distributed in the central area of Songnen Plain. (3) There were nine counties whose agricultural output value increased, and the agricultural labor population decreased, i.e., intensive-type counties, comprising Nenjiang in the north, Fuyu, Kedong, Suiling, and Yi'an in the central and Acheng, Bin, Hulan, and Shuangcheng in the southeast.
The Transformation Characteristics of the Coupling Types
From Figure 8 , it is evident that the types of the output-labor elasticity coefficient changed (Table 12 ). Generally, from 1995-2005 to 2005-2015, growth counties and intensive counties showed a net increase of 25% and 50%, respectively, while the extensive and lagged counties decreased. The counties whose coupling type changed from extensive type and lagged type to growth type accounted for 17% and 8% of counties, respectively. The counties whose coupling type changed from growth type, extensive type, and lagged type to intensive type accounted for 14%, 28%, and 8% of counties, respectively. Several counties are worth noting: Hulan changed from intensive type to extensive type, which indicated that the agricultural labor population was increasing rapidly. Acheng changed from intensive type to declining type, and Harbin changed from growth type to lagged type, indicating that the agriculture output value had changed from increasing to decreasing. However, the agricultural labor population in Acheng continued to decrease while that in Harbin continued to increase. Nehe changed from extensive type to declining type, which showed that both the agricultural labor population and the agricultural output value had decreased, and the development of agriculture was in urgent need of transformation. 
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Comparison of the Results of Agricultural Labor Transfer and Agricultural Production
On the Transfer of Agricultural Labor
The results showed that agricultural labor in Songnen Plain began to transfer slowly. International experience showed that the decline in the proportion of the agricultural labor population is an important feature of economic and social modernization. From Table 13 , it is evident that the proportion of agricultural labor population in China, Brazil, Russia, and South Korea was relatively high. Among them, the proportion of agricultural labor population in China and Brazil was more than 35%, showing a trend of first increasing and then decreasing. The proportion of the agricultural labor population in France, Germany, Great Britain, Italy, and the United States of America was relatively stable and always less than 10%. In 2015, the proportion of agricultural labor population was 36% in China, which was slightly lower than the 44% in Brazil, but much higher than developed countries such as France, Great Britain and the United States of America, indicating that China still had great potential for the transfer of agricultural labor. In 2004, China reached the first turning point referred to by Lewis, with the phenomenon of labor shortage and wage increase [56] . However, the amount and proportion of the agricultural labor population in northeastern China increased steadily, which was in contrast to the overall trend of the change in the whole country and was consistent with most previous research results [48] [49] [50] . From 1995 to 2015, the proportion of the agricultural labor population in northeastern China increased from 29% to 42%. The proportion of the agricultural labor population in China and Songnen Plain experienced a process of first increasing and then decreasing. However, the proportion of the agricultural labor population in China changed from 38% to 36% and decreased by 2%, while in Songnen Plain, it changed from 33% to 34% and increased by 1%. Compared with the whole country, the transfer of agricultural labor in Songnen Plain was lagging behind and facing the great pressure of transfer.
In Table 14 , we can compare the agricultural labor population and rural labor population in China and the Songnen Plain. Rural labor included not only agricultural labor, but also industrial labor, construction labor, and other non-agricultural labor. The agricultural labor population in China decreased from 1995 to 2015, while the agricultural labor population in Songnen Plain increased first and then decreased. From 1995 to 2005, the agricultural labor population in China decreased by 7%, while in Songnen Plain, it increased by 46%. This result shows that, while the national agricultural labor transferred, the Songnen Plain still attracted a large number of people engaged in agriculture because of its good agricultural development situation and low degree of modernization. From 2005 to 2015, although the agricultural labor population in Songnen Plain was decreasing, the rate was 20% slower than that of the whole country, and the rural labor population had hardly changed. At this stage, agricultural labor in Songnen Plain began to shift, which lagged behind the whole country. Due to the narrow transfer space in northeastern China, the absorptive capacity of agricultural surplus labor was far lower than the national level, which led to the Songnen Plain facing greater transfer pressure, and the transfer of agricultural labor was still at a lower level from farmers to migrant workers [57] . The "Hu Huanyong Line" is an important dividing line in depicting the change patterns of agricultural labor population and grain yield, and cultivated land area, respectively [48] [49] [50] . Ge Dazhuan noted that in the pastoral areas and the agro-pastoral ecotones to the west of this line, the coupling relationship between agricultural labor and grain yield was mainly in the same direction. The eastern area was the core area of grain yield in China, where the agricultural labor population was decreasing while the grain yield was increasing. In the rapid agricultural transition zone along the southeastern coast, both of these aspects decreased. Through the study of Songnen Plain in northeastern China, it was found that the agricultural labor population and grain yield in some counties increased significantly, indicating that the role of agricultural labor transfer in promoting grain yield had not been fully demonstrated in the main grain-producing areas. Liu Yansui found that the Songnen Plain had become one of the main cultivated land-increasing areas because of the development of reserve cultivated land resources. The coupling relationship between agricultural labor and cultivated land in 2000-2005 was mainly the declining type, but we found that although the whole Songnen Plain was still the declining type in 1995-2015, its main coupling type had changed into the growth type in 2005-2015. Whether it will continue to show a positive development trend in the future remains an object of further observation and research.
In terms of agricultural output value, the growth rate of the agricultural economy in the central and western areas of China was higher than that in the eastern areas from 2000 to 2010. With the development of the economy and society, the proportion of agricultural output value to GDP gradually decreased from 25% in 1991 to 10% in 2010. Heilongjiang belongs to the economic growth zone, and the coupling type of OLEC mainly belongs to the growth type and extensive type [50] . For Songnen Plain, there were more extensive counties in 1995-2005. However, with the support of national policies and the improvement of the level of agricultural modernization, the agricultural output value in the counties increased significantly from 2005 to 2015, and the growth-type and intensive-type counties accounted for 88%. The agricultural output value was developing well and still played an important role in the regional gross domestic product.
In summary, it is found that when the Songnen Plain is taken as the study unit, the conclusions are different from those of the whole country, northeastern China, and Heilongjiang Province. This difference reflects the particularity of Songnen Plain as an important commodity grain base in the development stage of the country. To some extent, the results of this study can represent the development characteristics of other similar main grain-producing areas. The conclusions of the study are helpful to the promulgation and implementation of targeted policies.
Comparison of Analytical Methods for the Relationship Between Agricultural Labor Transfer and Agricultural Production
Scholars have explored the relationship between the transfer of agricultural labor and agricultural production by various methods, laying a foundation for future research (Table 15 ). Most scholars tend to use the method of building economic models, including the production function model [51, 58] , general equilibrium model [59] , and spatial econometric model [60, 61] . In addition, the common methods include the field survey method [62, 63] and the elasticity coefficient method [48] [49] [50] . As shown in Table 15 , although no method is perfect, a variety of methods can verify and complement each other to obtain the best analysis results. 
Methods
Characteristics Study Case
Build economic models It can quantify the influence of each explanatory variable on the explained variable, but the selection of variables in this method is subjective, some models have certain assumptions, and it can only explore the degree of influence in one direction.
[51, [58] [59] [60] [61] Field survey method
The data of this kind of method are closer to reality, and the research scale is small and pertinent, but this method weakens the analysis of spatiotemporal evolution. [62, 63] Elasticity coefficient method This method is easy to calculate, which is helpful for dividing regional types and stages of development, but it cannot quantify the extent of impact.
[ [48] [49] [50] In contrast, constructing the elasticity coefficient of agricultural labor and agricultural production is an important way to explore the coupling relationship between them. Scholars use the elasticity coefficient to analyze China's counties, Jiangsu Province, and other regions [64], but the analysis angle and region are relatively unique. The change in the coupling relationship between the transfer of agricultural labor and grain yield, cultivated land area, and agricultural output value, respectively, has not been taken into account in different regions, especially in the main grain-producing areas. Therefore, the study of the coupling relationship between agricultural labor and agricultural production in Songnen Plain can help us to better judge the development stage of agricultural labor transfer in the region, facilitate the comparison with the national development level, and propose targeted policy recommendations. In addition, this study can provide a reference for relevant research and is a useful supplement to the existing research on the relationship between the transfer of agricultural labor and agricultural production.
Policy Suggestions on Rural Development in Songnen Plain
Against the background of rural shrinkage, the Chinese government issued a series of strategies for the revitalization of northeastern China and rural areas in recent years, paying further attention to the issue of agricultural labor and agricultural production. According to the research results, this paper proposed corresponding countermeasures and suggestions for different types of coupling.
From the perspective of the cultivated land-labor coupling types, (1) for the declining-type counties, in which the per capita cultivated land gradually decreases, the ecological conservation zones should be strictly delimited to avoid reclaiming cultivated land blindly, which will destroy the ecological environment. In addition, we should coordinate the relationship between cultivated land and agricultural labor scientifically, accelerate the transfer of agricultural labor, coordinate urban and rural land allocation, and improve the intensity and efficiency of construction land. (2) For the growth-type counties, in which the per capita cultivated land gradually increases, we should form specialized production areas based on resource advantages, develop family farms and agricultural professional cooperatives vigorously, and foster new professional farmers with an entrepreneurial spirit. We should make use of the location advantages of neighboring economically developed regions, strengthen division and cooperation with neighboring areas, and strive to achieve the sustainable development of rural areas and agriculture.
From the perspective of the grain-labor and output-labor coupling types, (1) for the growth-type counties, in which the agricultural labor population, the grain yield, and agricultural output value increase, the resource dependence in this part of the region is usually clear [50] , which is not conducive to realizing the large-scale management of agricultural production in the long run. Furthermore, the production efficiency is difficult to improve, and the process of urbanization and industrialization will further lag behind. This type of county should accelerate the transformation of its industrial structure, promote agricultural modernization and mechanized production actively, improve the level of the large-scale management of land, and promote the non-agricultural transfer of agricultural labor. (2) For the extensive-type counties, in which the agricultural labor population increases faster than the grain yield and agricultural output value, we should adjust the planting structure in time and make the function orientation clear according to the market changes. Furthermore, we should encourage farmers to start their own businesses and cultivate new rural formats. Regions with resource advantages can develop multi-functional agriculture, such as leisure agriculture and sightseeing agriculture, which not only helps to increase farmers' income, but also helps to promote the sustainable development of rural areas. (3) For the intensive-type counties, in which the agricultural labor population decreases while the grain yield and agricultural output value increase, this part of the region exhibits rapid economic growth, high urbanization, and an agricultural modernization level. This region belongs to the core area of economic growth in the surrounding areas. Rapid economic development and technological progress increase the surplus rural labor, which in turn promotes the transfer of agricultural labor.
The increase in grain yield shows that the transfer of agricultural labor plays a "positive" role in promoting grain yield [48] . While improving the quality of agricultural development and promoting the integration of the rural "three industries", we should focus on reasonable policy guidance and develop characteristic towns to avoid the negative impact on food security (such as hollow villages and land waste), which is caused by the weakening of the positive effect of the transfer of agricultural labor and the excessive transfer of agricultural labor. (4) For the fading, lagged, and declining types in which the grain yield and agricultural output value decrease, the quality of labor is low, and the labor skills are poor in this part of the region. We should strengthen our assistance, as well as consolidate and improve the basic rural management system, and cultivate new business entities actively. Moreover, we should attach importance to the development of agricultural education, improve the quality of farmers, and attract talents to return to rural areas.
The regional differences in Songnen Plain are significant, and the types of social and economic development are diverse. On the one hand, there are regional differences in the impact of the transfer of agricultural labor on rural development. In addition to the dependency relationship between agricultural labor and agricultural production, there are also social problems such as the aging of agricultural labor (about 85% of laborers are over 50 years old) and the severe tendency of feminization [55] . How to protect farmers' rights and formulate reasonable rural development policies is the direction of future research. In addition, there is an alternative relationship between agricultural labor and machinery. The relationship between agricultural mechanization and agricultural production is also the direction of investigation in the future. On the other hand, the transfer of agricultural labor is affected not only by objective factors such as geographical location, natural resources, and social economy, but also by subjective factors such as farmers' personal preferences and value orientation. Therefore, this constitutes the type combinations of agricultural labor and agricultural production in the counties of Songnen Plain. We should analyze the characteristics of various types of coupling modes objectively and seek the path of rural revitalization and sustainable development.
Conclusions
From 1995 to 2015, the agricultural labor population in Songnen Plain increased first and then decreased, and the level of agricultural production of each county was quite different. The transfer of agricultural labor in counties in the northern and eastern areas was clear. Agricultural modernization, industrialization, and urbanization were the main driving forces of the non-agricultural transfer of agricultural labor. The growth trend of agricultural labor in the central and western areas was clear, mainly because of the rapid growth of cultivated land area, satisfactory agriculture income, slow adjustment of industrial structure, and the weak employment capacity of secondary and tertiary industries. The main driving force for regional development was still agriculture. The level of agricultural production in Songnen Plain showed a growth trend, with characteristics from the initial "high in the southwest and low in the northeast" changing to "high in central areas and low around".
The elasticity coefficient analysis method can effectively analyze the coupling relationship between agricultural labor and agricultural production, reflecting the process of regional agricultural transformation and development. The coupling types of counties in Songnen Plain are varied, and the regional differences are obvious, showing a benign growth trend as a whole. The coupling types of agricultural labor and agricultural production in most counties changed from "lagged type", "extensive type", and "declining type" to "growth type" and "intensive type". The growth and intensive-type counties have the characteristics of agglomeration distribution, which coincide with the regions with good socio-economic development. The transfer of agricultural labor in some areas has brought about an increase in per capita cultivated land and an intensive transformation of production types. However, problems such as hollow villages, the abandonment of cultivated land, and food insecurity should be avoided. Simultaneously, the increase in the agricultural labor population in some areas has promoted the growth of grain yield and agricultural output value, but problems such as the decrease in per capita cultivated land and per capita income should be avoided. Therefore, it is necessary to formulate differentiated rural revitalization strategies according to local conditions.
